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AbstrAct:
Treatment outcome of chronic lymphocytic leukemia (CLL) has considerably 
improved since the introduction of fludarabine (F) as part of the standard therapy. 
Nevertheless,  refractoriness  to  fludarabine  occurs  in  a  significant  number  of 
patients and is associated with an unfavorable prognosis. Important risk factors 
are 17p deletion and/or mutation of TP53. For this subgroup the CD52 antibody 
alemtuzumab (A) presents a new treatment approach and has already been 
approved. Meanwhile we have to face also refractoriness to alemtuzumab. 
Importantly, the monoclonal CD20 antibody ofatumumab has now shown efficacy 
in F and A double-refractory CLL. The next generation CD20 antibody GA-101 is 
currently compared to rituximab (R) and will possibly be its more potent successor. 
Further B-cell antigens are targeted by lumiliximab (CD23), TRU-016 (CD37) and 
blinatumomab (CD19). Apart from monoclonal antibody therapies, a great number 
of  small  molecules  are  examined  for  the  treatment  of  refractory  and  relapsed 
CLL. Most of these agents aim to overcome apoptosis resistance in CLL cells or 
influence  the  microenvironment.  Typical  targets  are  regulators  of  the  cell  cycle 
and antiapoptotic molecules like the members of the Bcl-2 family. Up to now the 
most promising agents appear to be flavopiridol and lenalidomide among others.
IntroductIon
Chronic lymphocytic leukemia (CLL) is the most 
common type of leukemia in the Western world and still 
incurable. What we consider today as gold standard for first 
line treatment of patients without relevant comorbidities – 
the anti-CD20 monoclonal antibody rituximab combined 
with fludarabine and cyclophosphamide (FCR) (Fig. 1) 
[1]  –  is  often  sufficient  to  achieve  durable  remission. 
However we face serious problems if this therapeutic 
regimen fails and patients turn out to be refractory to 
fludarabine.  In  this  review  we  present  new  strategies 
beyond conventional chemotherapies which are currently 
under development or have already entered clinical trials.
Data of the German CLL Study Group’s CLL8 trial 
showed the advantage of the immuno-chemotherapeutic 
regimen FCR compared to the former standard FC [2]. 
817 patients were included. FCR treatment resulted in a 
significantly higher complete remission rate (44 % vs. 
22  %,  p<.001),  a  significantly  longer  progression  free 
survival (PFS) (44.7% vs. 64.9% at 3 years, p<.001), and 
overall survival (OS) (82.5% vs. 87.2% at 3 years, p=.01). 
It was the first time that a 1st line therapeutic choice in 
CLL showed significantly prolonged OS in a randomized 
trial and confirmed previous data in historical comparison 
performed by MD Anderson Cancer Center investigators 
(Fig. 2) [2].
FludArAbIne reFrActorIness And 
relApse
Since  more  than  20  years  fludarabine  (F)  has 
proven to be effective in the treatment of CLL. In first 
line  monotherapy,  there  have  been  response  rates  of 
63  to  80  %  [3,4].  Nevertheless  not  all  the  patients 
respond. Genetic analyses revealed the association of 
fludarabine  refractoriness  with  alterations  of  the  short 
arm of chromosome 17: 17p-deletion with mutation of 
the remaining allele of TP53 or mutation of this tumor Oncotarget 2010; 1:  472 - 482 473 www.impactjournals.com/oncotarget
suppressor  gene  without  deletion.  6  %  of  untreated 
patients show alterations in 17p but 53 % of the patients 
who were refractory to fludarabine [5,6]. A recent analysis 
of 328 cases of the CLL4 trial of the GCLLSG identified 
the deletion of TP53 as the strongest prognostic factor 
for PFS and OS (Fig. 3). Furthermore, deletion of TP53 
predicts for non-response to purine analogue based 
therapy [7,8].
Refractory  CLL  is  defined  as  no  CR/PR  or 
progression within 6 months of the last treatment time 
point, while relapse of CLL is defined as recurrence of 
the disease when the patient has reached at least a partial 
remission for 6 months after therapy. Relapse within 2 
or 3 years or refractoriness to F-based therapy influences 
the prognosis in an unfavorable way [1].New therapeutic 
strategies beyond conventional regimens like targeted 
therapy aim to enhance response and survival rates also in 
the refractory or relapsed situation.
Figure 1: FCR as first-line treatment in CLL at M. D. Anderson Cancer Center.[1,45]. A) Overall survival after response. B) Time 
to progression after response
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Figure 2: OS in different first line treatment strategies. [1]Historical comparison of overall survival for fludarabine (F), fludarabine 
and cyclophosphamid or mitoxantrone (FC/M) and FCR as CLL first line treatment at M. D. Anderson Cancer Center.
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MOnOCLOnAL AntibODieS
Rituximab
Because of the promising results of the MD Anderson 
Cancer Center and the CLL8 trial, rituximab is today part 
of the CLL gold standard treatment FCR. The monoclonal 
IgG1-antibody is directed against the CD20 antigen on B 
lymphocytes. Although CD20 expression levels on CLL 
cells is much lower than in other B cell lymphomas it has 
shown its high efficiency in CLL treatment especially in 
combination treatments.
A phase II study of rituximab monotherapy showed 
low clinical activity and short duration of response. 
Rituximab was administered weekly at the common dose 
of  375  mg/m²  over  four  weeks  [9]. The  response  rate 
in a dose escalation study in pretreated patients (either 
fludarabine  or  alkylating  agents)  was  36  %  with  only 
partial  remissions.  Response  correlated  with  dose,  the 
maximum dose given was 2.25 g/m². The group of other 
B cell lymphomas showed response in 60 % of the cases 
[10].
The strength of rituximab is combination therapy. A 
response rate of 77 % and complete remissions in 15 % 
were achieved by combination with bendamustine in a 
randomized trial of the GCLLSG. Even high risk patients 
with 11q-deletion, trisomy 12 and unmutated IGHV status 
had benefit. 17p-deleted patients showed lower response 
rates [11].
FCR  is  the  standard  regimen  in  CLL  first  line 
treatment for patients without relevant comorbidity. 
Its suitability for relapse has been examined in a phase 
II  trial  in  2005.  177  patients  were  included.  Complete 
remissions were achieved in 25 %, partial remissions in 
32 % of the cases. Overall response was 73 %. One third 
of the patients with CR had also molecular remissions 
with negative PCR results for the IGHV rearrangement of 
the CLL clone in their bone marrow. 26 % of the patients 
discontinued therapy because of heavy myelosuppression. 
Grade 4 neutropenia was seen in 41 % of the cycles and 
occurred at least once in 66 % of the patients. 16 % of the 
patients developed sepsis, pneumonia or other infectious 
complications which required hospitalization [12].
Alemtuzumab
Alemtuzumab (Campath-1H) is a monoclonal IgG1-
antibody against CD52 on mature lymphocytes. This drug 
was approved in 2001 for the treatment of fludarabine 
refractory CLL in the USA and EU. Since 2008 it is also 
approved for first line treatment of CLL in patients who are 
expected to not respond to fludarabine which is the case in 
17p-deletion or TP53 mutation. A large multicenter trial in 
the USA and Europe of i. v. alemtuzumab administration 
showed better survival data for patients with fludarabine 
refractory CLL compared to historic cohorts. 93 patients 
were  included.  CR  rate  was  2  %,  PR  was  reached  in 
31 %. Median time to progression was 4.7 months and 
median  overall  survival  was  16  months.  Transient 
Figure 3: Overall survival (OS) of genetic subgroups in the CLL4 trial (F vs. FC) of the German CLLSG (both treatment 
arms combined). [7] OS of the group with 17p13 deletion (n=16; grey), sole TP53 mutation (without 17p13 deletion) (n=14; yellow) and the 
remaining patients (n=277; blue). Median OS was significantly shorter for patients with 17p13 deletion (19.2 months) and sole TP53 mutation 
(30.2 months) than for patients without either abnormality (not reached; P < 0.001).Oncotarget 2010; 1:  472 - 482 475 www.impactjournals.com/oncotarget
infusion reactions were the most common adverse 
events, moreover infectious complications of grade 3 and 
4 in 27 % of the patients [13]. The CLL2H trial of the 
GCLLSG showed that subcutaneous alemtuzumab is as 
effective  as  intravenous  administration  in  F-refractory 
CLL. The overall response rate was 34 % with 4 % of 
complete remissions. Importantly, side effects of infusion 
reactions were markedly reduced. Efficiency was the same 
in all genetic subgroups, notably in 17p- and 11q-deletion, 
TP53 mutation and unmutated IGHV status (Fig. 4) [14].
Patients with coexpression of CD20 and CD52 
might  benefit  from  the  combination  of  rituximab  and 
alemtuzumab.  This  regimen  has  been  examined  over 
four  weeks  in  32  patients  with  relapsed  or  refractory 
CLL. Doses were once weekly 375 mg/m² rituximab and 
twice weekly 30 mg alemtuzumab (with dose escalation 
in the first treatment cycle from 3 mg over 10 mg to 30 
mg). Overall response rate was 63 % with 2 complete 
remissions and 50 % PR. Adverse events were of grade 
2 or less [15]. Another trial evaluated this combination 
in 40 pretreated patients. 64 % of them were fludarabine-
refractory. Rituximab was administered at a dose of 375 
mg/m² on day 1, then 500 mg/m² weekly over up to 3 
cycles. Alemtuzumab was first applied continuously i. v. 
at a dose of 30 mg/day for 6 days, followed by 30 mg s. c. 
twice a week from week 2 on. Infection prophylaxis was 
trimethoprim/sulfamethoxazole and valacyclovir until up 
to 3 months beyond the completion of therapy. The overall 
response rate was 53 % with 18 % of complete remissions. 
The most adverse events were again infusion-related and 
well manageable. Infections were seen in 28 % of the 
patients; 15 % of the patients developed CMF infections 
which were only detected in blood samples without organ 
manifestation [16].
The combination of fludarabine and alemtuzumab 
is called FluCAM. In a phase II trial 36 patients were 
included. A high overall response rate was reached with 
83 % (11 CR, 19 PR), but there were remarkable adverse 
events:  fungal  pneumonia  in  two  progressive  patients 
and one case of death caused by E. coli sepsis at CMV 
reactivation [17].
Alemtuzumab  has  the  highest  “single-agent” 
activity in CLL but involves risks in the form of infectious 
complications like opportunistic infections and viral 
reactivations (CMV, HSV). Obligatory is the prophylactic 
administration of cotrimoxazole and acyclovir or similar 
besides  laboratory  monitoring  of  CMV  reactivation. 
Combination  of  alemtuzumab  with  chemotherapy 
and  alemtuzumab  maintenance  approaches  remain 
experimental and should be performed in clinical trials. 
Ofatumumab (HuMax-CD20)
Like rituximab, ofatumumab binds to CD20 on the 
surface of B lymphocytes but targets a different epitope 
and showed enhance in vitro complement dependent 
Figure 4: Lack of prognostic impact of genomic aberrations in 
chemotherapy-refractory chronic lymphocytic leukemia after 
therapy  with  alemtuzumab.[14]Genomic subgroups compared 
were 17p13 deletion (n=31; black graphs), 11q22-q23 deletion (n=20; 
red graphs) and all other subgroups (n=49; green graphs). A) Median 
values for overall survival were 18.3, 22.7 and 18.6 months, respectively 
(log-rank P = 0.661). B) Median values for time to treatment failure were 
5.8, 6.8 (95% CI, 3.5 to 10.9) and 5.4 months, respectively (log-rank P 
= 0.842).
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cytotoxicity (CDC). Opposite to rituximab ofatumumab 
is completely of human origin whereas rituximab is a 
human-murine  chimeric  molecule.  Since  October  2009 
ofatumumab received accelerated approval by the FDA 
for  the  treatment  of  F  and  A  double-refractory  CLL. 
This  decision  was  mainly  based  on  two  clinical  trials: 
a  multicenter,  sequential  dose-escalating  cohort  and 
activity-estimating  trial  and  a  single-arm,  fixed-dose, 
multicenter trial.
33  patients  were  included  in  a  phase  I/II  trial  to 
evaluate safety and efficacy of ofatumumab in patients 
with refractory or relapsing CLL. In three cohorts different 
dose escalation schemes of ofatumumab were tested over 
four cycles. The maximum tolerated dose was not reached 
and all in all ofatumumab was well tolerated. The majority 
of the adverse events were infusion-related and transient 
like pyrexia, fatigue, rash, increased sweating. Infections 
were reported by 51 % of the patients. Most of them were 
of grade 1 or 2, one was fatal (infectious interstitial lung 
disease). The cohort with the highest dose (up to 2000 mg) 
achieved a response rate of 50 %. There were no complete 
remissions seen [18].
A  phase  II  trial  (NCT00349349)  examined 
ofatumumab as single-agent in patients who were either 
fludarabine-  and  alemtuzumab-refractory  (FA-ref,  n  = 
59) or fludarabine-refractory and had bulky disease (BF-
ref, n = 79) (Fig. 5). Overall response rates (measured 
during therapy) were 58 % for the FA-ref group and 47 
% for the BF-ref group. Former rituximab treatment had 
no significant influence on efficacy. 54 % of the patients 
who were pretreated with rituximab responded versus 63 
% of the patients who were not exposed (FA-ref group). 
Furthermore,  clinical  improvement  was  achieved  for 
constitutional symptoms, lymphadenopathy, splenomegaly 
and hematological parameters. Like in the dose-escalating 
study cited above, the most common adverse events were 
infusion reactions and infectious complications. Efficacy 
was lower in CLL with 17p deletion [19]. 
Lumiliximab
Lumiliximab is a chimeric monoclonal antibody 
against  CD23.  High  expression  of  CD23,  a  receptor 
for IgE, is characteristic for CLL cells; on other cells, 
expression levels are rather low. This fact provides a CLL 
specific treatment modality.
In a phase I dose-finding trial in 46 CLL patients no 
remissions were achieved, not even partially, though some 
clinical activity could be detected. Lymphadenopathy 
was reduced in 52 % of the patients, in 91 % lymphocyte 
counts were modestly decreased. Lumiliximab was well 
tolerated [20].
Based on this knowledge a phase I/II trial was initiated 
to examine the combination of FCR with lumiliximab in 
pretreated  CLL  patients.  Inclusion  criteria  were  CD23 
positivity,  progressive  disease  according  to  NCIWG 
96. Refractoriness to FCR was exclusion criterium. The 
overall response rate was 65 %, a complete remission was 
achieved in 52 % of the patients. Compared to a historic 
cohort treated with FCR [12], the CR rate was twice as 
high (52 % vs. 25 %). The toxicity was comparable [21].
tRU-016
TRU-016  is  a  SMIP  protein  (Small  Modular 
ImmunoPharmaceutical) which targets CD37. It is a so 
called single-chain polypeptide consisting of variable 
regions (scFv) and the constant regions of human IgG1. 
CD37 is expressed on normal and transformed B cells, 
low  expression  levels  are  found  on T  cells,  NK  cells, 
monocytes  and  granulocytes.  In  in  vitro  experiments 
TRU-016 appeared to be more potent than rituximab or 
alemtuzumab.
In a phase I trial 33 patients with CLL and SLL were 
included. Applicable doses and two different application 
schemes  were  evaluated.  TRU-016  was  intravenously 
delivered either once weekly over four cycles or on day 
Figure 5: Overall survival in a phase ii trial of ofatumumab as single-agent [19]. A) Overall survival in fludarabine- and 
alemtuzumab refractory patients (FA-ref). B) Overall survival in fludarabine-refractory patients with bulky disease (BF-ref)
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1, 3 and 5 over six weeks in doses of 0.03 mg/kg up to 10 
mg/kg. The drug was well tolerated with no unexpected 
toxicity.  Grade  4  neutropenia,  herpes  zoster  and  ITP 
were seen as therapy-related SAEs. At a dose of 3 mg/
kg there was detectable biological activity. One patient 
with 17p deletion achieved a partial remission whereas 
lymphocytosis decreased about 83% in the median (13 % 
up to 98 %). There was also an improvement of cytopenia 
[22].
GA-101
GA-101 is a humanized and glycoengineered anti-
CD20  IgG1  monoclonal  type  II  antibody  which  binds 
with  high  affinity.  The  resulting  antibody-dependent 
cytotoxicity is 5- to 100-fold greater than that of rituximab. 
Also direct cytotoxicity is enhanced. CD20 binding leads 
to homotypic adhesion and following cell death induction 
is non-apoptotic, actin-dependent and lysosome mediated 
[23]. Further in vitro studies showed depletion of CLL 
cells in whole blood assays and the superior efficacy of 
GA-101 compared to rituximab [24].
In a phase I trial of GA-101 in patients with relapsed 
or refractory CD20 positive NHL doses between 50 mg 
and 2000 mg were given on days 1, 8 and 22 every 3 
weeks for 9 cycles. 21 pretreated patients were included, 
33 % with high risk cytogenetics and 70 % with unmutated 
IGHV. ORR was 62 % with 1 CRi, 7 PR and 5 SD. GA-
101 was well tolerated. Infusion related reactions were 
the most frequent side effects, followed by hematological 
toxicity and infectious complications [25].
A  phase  II  study  of  GA-101  monotherapy  in 
patients  with  relapsed  CD20  positive  indolent  Non-
Hodgkin Lymphoma compares the new CD20 antibody 
to rituximab and is currently recruiting (NCT00576758). 
A  phase  III  trial  in  combination  with  Chlorambucil  in 
patients with comorbidity is currently active (CLL11 trial 
of the GCLLSG, NCT01010061).
SMALL MOLeCULeS
Flavopiridol
Flavopiridol  is  a  cyclin-dependent  kinase  (CDK) 
inhibitor which targets a broad range of CDKs. CDKs are 
involved in the regulation of cell cycle, transcription and 
mRNA processing. In CLL cell lines and primary cells 
flavopiridol induces apoptosis via activation of caspase-3 
[26].  Expression  levels  of  Mcl-1  and  XIAP  which  are 
constitutively high expressed in CLL cells are decreased 
[27].
Results  of  early  clinical  trials  were  disappointing 
[28,29]. However, in vitro studies revealed that protein 
binding of flavopiridol is much higher with human than 
with bovine serum. Accordingly, the necessary therapeutic 
concentration of flavopiridol had been underestimated and 
a revised schedule was developed. In a phase I trial 52 
patients with relapsed, symptomatic CLL or SLL were 
treated over four weeks once weekly with a loading 
dose for 30 minutes, followed by 4 hours of continuous 
infusion.  One  cycle  took  six  weeks,  six  cycles  were 
administered. 40 % of the patients achieved a PR, median 
progression  free  survival  was  12  months.  30  patients 
suffered acute tumor lysis syndrome, one patient died of it. 
Most frequent adverse events were neutropenia, diarrhea 
and cytokine-release syndrome [30]. 121 patients were 
treated according to the protocol and received infection 
prophylaxis  against  HSV/VZV  and  pneumocystis 
jirovecii. A total of 43 infectious episodes occurred in 34 
patients. Of those 22 were associated with grade 3 or 4 
neutropenia. Infectious complications were pneumonia (4 
%), bacterial sepsis (1 %), sinusitis or bronchitis (8 %), 
viral respiratory tract infections (6 %), skin- or soft tissue 
infections (4 %), catheter associated infections (6 %) and 
infections of the urinary tract infections (2 %) [31].
In  a  phase  II  trial  64  pretreated  patients  were 
included. They were treated according to the regimen 
above with 30 mg/m² by i. v. bolus followed by 30 mg/
m² as continuous infusion for the first cycle. If there was 
no severe tumor lysis syndrome, the dose for continuous 
infusion was escalated to 50 mg/m² for the second and 
following cycles. The protocol had to be changed after 
an amendment: Cycle length was reduced to 4 weeks, 
the  number  of  treatments  per  cycle  was  reduced  to  3. 
20 mg of dexamethasone were administered to prevent 
the cytokine release syndrome, ciprofloxacin was added 
and pegfilgrastim on day 16 of each cycle. 47 % of the 
patients achieved a partial, 1.6 % a complete remission. 
The treatment’s tolerability was improved. In only 2 % of 
the cases there was a tumor lysis syndrome [32].
Lenalidomide
Lenalidomide is an immune-modulating drug, in its 
structure similar to thalidomide but with more potential 
in  CLL  and  less  side  effects.  Especially  fatigue  and 
neuropathy are reduced. Teratogenicity is expected as it is 
an analog of thalidomide. In various models, lenalidomide 
inhibits  cytokines  like  TNFalpha,  VEGF  and  IL-6, 
stimulates T- and NK-cells, induces apoptosis in tumor 
cells and inhibits mitosis.
Two phase II trials examined lenalidomide in CLL. 
A dose of 25 mg p. o. daily was administered for three 
weeks in a cycle of 28 days. ORR was 47 %. 6 out of 
23  fludarabine  refractory  patients  achieved  a  PR,  one 
patient a CR. Hematological toxicity seems to be a major 
problem: in 78 % of the cases occurred neutropenia and 
thrombocytopenia  [33].  In  the  second  trial  44  patients 
were treated continuously with 10 mg daily. Every 28 
days the dose could optionally be escalated in steps Oncotarget 2010; 1:  472 - 482 478 www.impactjournals.com/oncotarget
of 5 mg up to 25 mg daily. ORR was 32 %. 7 % of the 
patients achieved CR, 10 % PR. 31 % of the patients with 
11q- or 17p-deletion (combined) responded, 24 % of the 
patients with unmutated IGHV and 25 % with fludarabine 
refractory disease [34]. A subgroup analysis of the trial 
showed that lenalidomide is also effective in patients 
with  high-risk  CLL  (combined  11q-  or  17p-deletion). 
ORR in these patients was 38 %, 19 % achieved complete 
remissions,  median  progression-free  survival  was  12.1 
months [35], however, more recent data indicate that this 
is likely due to responses in patients with 11q deletion and 
there is limited efficacy in cases with 17p deletion. 
Typical side effects of lenalidomide treatment are 
hematological toxicity and at higher doses the tumor flare 
reaction  with  lymph  node  enlargement,  leucocytosis, 
abdominal pain, fever and rashes. Tumor lysis syndrome is 
also often seen in lenalidomide treatment. Another phase 
II trial compared the doses already used in the former both 
trials: 25 mg and 10 mg. Five of 18 patients developed a 
TLS, two cases were fatal. The protocol was changed to 
a lower starting dose of 2.5 mg and slow dose escalation 
which was carefully monitored. Patients got allopurinol 
and hydration to prevent TLS. Kidney failure requiring 
dialysis before treatment was an exclusion criterium. TLS 
has not been observed in the amended protocol [36].
Oblimersen
Oblimersen is an antisense oligonucleotide which 
is applied intravenously. It inhibits the translation of the 
Bcl-2 protein which is a potent apoptosis inhibitor. In CLL 
expression levels of Bcl-2 are high.
A phase I/II trial examined oblimersen in 40 patients 
with relapsed or refractory CLL. The maximum tolerated 
dose  was  3  mg/kg/d.  Higher  doses  caused  a  cytokine 
release syndrome with or without tumor lysis within 24 
to 48 hours. 26 patients were eligible for evaluation. 8 % 
achieved a partial remission [37].
Another phase II trial in 24 patients, of whom were 19 
pretreated, the combination of oblimersen with rituximab 
and fludarabine was tested. 68 % of the pretreated patients 
responded,  one  even  achieved  a  complete  remission. 
Side effects were well manageable. Neutropenia, nausea, 
fatigue and fever, thrombocytopenia and anemia were the 
most frequent adverse events [38].
241  patients  were  included  in  a  phase  III  trial 
which compared FC and the combination of oblimersen, 
fludarabine and cyclophosphamide. 17 % of the patients in 
the experimental study arm achieved a complete or partial 
nodular remission at least for 6 months compared to 7 % 
of the patients treated with FC (p = 0.025). The five-year 
survival was significantly prolonged in patients who had 
achieved at least PR. Patients with fludarabine sensitive 
disease had most benefit [39].
Abt-263
ABT-263  is  a  BH3-mimetic  which  is  orally 
administered. It binds to all members of the family of Bcl-
2 proteins with high affinity. In lymphoma cell lines which 
express high Bcl-2 levels ABT-263 is a potent apoptosis 
inducer. EC50 is about 1 µM [40]. Primary CLL cells are 
very sensitive to ABT-737 the precursor drug of ABT-263 
which is not orally bioavailable (EC50 = 7 nM, 4 hours 
incubation time) [41].
A current phase I/IIa trial in patients with relapsed or 
refractory CLL aims to evaluate pharmacokinetics, safety 
profile and efficacy of ABT-263. Two application schemes 
are examined: first 10 to 250 mg of ABT-263 on day 1 to 14 
(21-days cycle). This led to pronounced thrombocytopenia 
as a direct toxic effect on platelets through inhibition of 
Bcl-XL. To avoid this, patients got a loading dose of 100 
mg for one week followed by a continuous application 
up to 300 mg on all 21 days of the cycle. This reduced 
fluctuation in the number of thrombocytes as well as early 
thrombocytopenia.  Most  frequent  adverse  events  were 
diarrhea, nausea and vomiting, fatigue, thrombocytopenia 
(20 %) and neutropenia (12 %). Grade 4 thrombocytopenia 
was dose-limiting in three patients of the first group, in 
the second group it was grade 4 thrombocytopenia and 
nausea also in three patients. These results lead to the 
recommendation of a loading dose of 100 mg for one 
week, followed by a continuous dose of 250 mg/d [42].
A phase I trial about the combination of ABT-263 
with FCR or BR is currently recruiting, moreover a phase 
IIb trial of different oral dosage forms (NCT00868413, 
NCT00918450).
Obatoclax
The small molecule obatoclax inhibits the binding 
of the anti-apoptotic members of the Bcl-2 family Bcl-
2, Bcl-XL, Bcl-W and Mcl-1 to the proapoptotic proteins 
Bax and Bak. This might restore the apoptotic machinery 
of tumor cells.
The  EC50  for  primary  CLL  cells  is  1.2  ±  0.1 
µM.  Synergistic  effects  are  seen  in  combination  with 
fludarabine  and  chlorambucil  [43].  Different  doses 
between 3.5 mg/m² and 14 mg/m² during one hour of 
infusion and between 20 and 40 mg/m² during 3 hours 
of infusion were tested for efficacy and safety as well 
as pharmacokinetic and pharmacodynamics in a phase 
I trial. One cycle lasted three weeks. The patients were 
pretreated  and  either  fludarabine  refractory  or  relapsed 
after  a  fludarabine  containing  standard  treatment.  One 
patient with bulky disease achieved a partial remission. 
Remarkable  were  infusion  associated  neurological  side 
effects like somnolence, euphoria and ataxia. Hemoglobin 
levels were increased in three patients which made 
them independent of blood transfusions. Also their Oncotarget 2010; 1:  472 - 482 479 www.impactjournals.com/oncotarget
thrombocytopenia had slightly improved [44].
Histone deacetylase inhibitors (HDAC inhibitors)
The secondary structure of histones is modulated 
by  posttranslational  acetylation,  methylation  and 
phosphorylation. As a result histones dissociate from 
the  DNA-strand  and  transcription  factors  can  bind  to 
their  promoters.  Deacetylation,  demethylation  and 
dephosphorylation causes the opposite.
The most well known HDAC inhibitor is valproic 
acid which is used as anticonvulsant. In primary CLL cells 
valproic acid induces dose-dependent cytotoxicity via the 
extrinsic apoptosis pathway. In combination with TRAIL 
those cells are sensitized for apoptosis. Doses between 0.5 
and 5 mM were used [45]. Clinical trials with valproic 
acid as single-agent (NCT01016990) and in combination 
with fludarabine (NCT00524667) are recruiting.
Two phase I trials on HDAC inhibitors in CLL have 
already been published. 10 patients were treated with 13 
mg/m² depsipeptide (FK228) in a dose finding study. All 
the patients were pretreated either with purine analogs 
or had a contraindication against those drugs. The cycles 
lasted four weeks, depsipeptide was applied intravenously 
on  day  1,  8  and  15.  Treatment  was  continued  for  at 
least two months up to one year. Adverse events were 
fatigue, nausea and loss of appetite. One patient suffered 
a tumor lysis syndrome with renal failure and needed 
hospitalization. There were neither partial nor complete 
remissions.  However  biological  activity  was  detected: 
histone  acetylation  was  increased  up  to  100  %,  p21 
expression was augmented [46].
Another phase I trial examined dosage and safety 
of  Belinostat  (PXD101).  18  patients  with  different 
hematological malignancies were included, two of them 
had fludarabine refractory CLL. Both were treated for two 
cycles. One cycle lasted three weeks. At a dose of 600 mg/
m² and 900 mg/m² on day 1 to 5 of each cycle they had 
stable disease. The most frequent side effects were again 
nausea and vomiting, fatigue and a flush syndrome. Doses 
up to 1000 mg/m² seem to be well tolerable. There were 
no distinct responses [47].
Gossypol/At-101
AT-101 is an enantiomer of gossypol which binds 
with high affinity to the BH3 domain of the antiapoptotic 
members of the Bcl-2 family. At a dose of 20 µM for 24 
hours AT-101 induces 72 % apoptosis in the median in 
primary CLL cells. This was also seen in coculture with 
a bone marrow stromal cell line [48]. A phase II trial in 
relapsed or refractory B cell neoplasms (NCT00275431) 
and  a  phase  II  trial  in  combination  with  rituximab 
(NCT00286780) has already been finished. Another phase 
I/II study about the combination with lenalidomide is still 
recruiting (NCT01003769).
Dasatinib
The tyrosine kinase inhibitor dasatinib has shown 
efficacy  in  CML  and  bcr/abl-positive  ALL.  Dasatinib 
inhibits  c-kit,  EGFR  and  kinases  of  the  Src-family 
(SFKs). The SFK Lyn is highly expressed in CLL cells 
and inhibition of SFK activity leads to apoptosis induction 
in primary CLL cells. Further in vitro experiments showed 
also synergistic effects of dasatinib with chlorambucil and 
fludarabine [49]. CLL cells with unmutated IGHV seem to 
respond better than those with mutation [50].
In  a  phase  II  trial  in  15  patients  a  daily  dose  of 
140 mg was administered. All patients had fludarabine 
pre-treatment, five were refractory. In 2 patients partial 
remissions were achieved, another 2 had nodal complete 
remissions,  4  had  nodal  partial  remissions.  Adverse 
events  were  mainly  neutropenia  (grade  3  and  4)  and 
thrombocytopenia (grade 3 and 4). All in all dasatinib 
showed modest activity in CLL [51].
conclusIon
Current biologically-targeted therapeutic strategies 
against relapsed and refractory CLL include antibody-
based therapies as well as small molecules. Rituximab 
in combination with chemotherapy is very effective in 
CLL and standard in first-line and second-line therapy. 
Fludarabine-refractory  patients  achieve  an  overall 
response of 33 % by single-agent alemtuzumab. Today 
we see patients who are not only fludarabine- but also 
alemtuzumab-refractory.  For  those  cases  ofatumumab 
is a promising option which has been approved for this 
situation.  Third-generation  antibodies  like  GA-101 
show in vitro even more efficacy than rituximab and are 
currently further evaluated in clinical trials. The most 
advanced small molecules are today lenalidomide and 
flavopiridol. Response rates of 20 to 45 % were achieved 
in  relapsed/refractory  CLL.  A  broad  range  of  agents 
with different mechanisms of action are in development 
or have already entered clinical trials, but the prognosis 
of chemotherapy-refractory patients is still unfavorable. 
Thus new therapeutic strategies are needed and have to 
prove not only efficacy but also a good safety profile.
ACknOwLeDGeMentS 
We thank our group members and partners in the 
GCLLSG for discussion and Prof. Dr. Hartmut Döhner 
for longstanding support. 
Supported  by  grants  from  DFG  (STI  296/2-1  - 
KFO  167),  Deutsche  Krebshilfe  (108355),  Deutsche 
Carreras Leukämie Stiftung (R 08/26f), Global Research 
Foundation on CLL. Oncotarget 2010; 1:  472 - 482 480 www.impactjournals.com/oncotarget
reFerences
1.  Tam CS, O’Brien S, Wierda W, Kantarjian H, Wen S, Do 
KA, Thomas DA, Cortes J, Lerner S, Keating MJ. Long-
term  results  of  the  fludarabine,  cyclophosphamide,  and 
rituximab regimen as initial therapy of chronic lymphocytic 
leukemia. Blood. 2008;112:975-980.
2.  Hallek  M,  Fischer  K,  Fingerle-Rowson  G,  Fink  A-M, 
Busch R, Mayer J, Hensel M, Hopfinger G, Hess G, Von 
Gruenhagen  U,  Bergmann  M,  Catalano  J,  Zinzani  PL, 
Caligaris-Cappio F, Seymour JF, Berrebi A, Jäger U, Cazin 
B, Trneny M, Westermann A, Wendtner CM, Eichhorst B, 
Staib P, Bühler A, Winkler D, Zenz T, Böttcher S, Ritgen M, 
Mendila M, Kneba M, Döhner H, Stilgenbauer S. Addition 
of  rituximab  to  fludarabine  and  cyclophosphamide  in 
patients with chronic lymphocytic leukemia: a randomised, 
open-label, phase 3 trial. Lancet. 2010:in press.
3.  Keating  MJ,  O’Brien  S,  Lerner  S,  Koller  C,  Beran  M, 
Robertson LE, Freireich EJ, Estey E, Kantarjian H. Long-
term follow-up of patients with chronic lymphocytic 
leukemia (CLL) receiving fludarabine regimens as initial 
therapy. Blood. 1998;92:1165-1171.
4.  Rai KR, Peterson BL, Appelbaum FR, Kolitz J, Elias L, 
Shepherd L, Hines J, Threatte GA, Larson RA, Cheson BD, 
Schiffer CA. Fludarabine compared with chlorambucil as 
primary therapy for chronic lymphocytic leukemia. N Engl 
J Med. 2000;343:1750-1757.
5.  Catovsky D, Richards S, Matutes E, Oscier D, Dyer MJ, 
Bezares RF, Pettitt AR, Hamblin T, Milligan DW, Child 
JA, Hamilton MS, Dearden CE, Smith AG, Bosanquet AG, 
Davis  Z,  Brito-Babapulle  V,  Else  M,  Wade  R,  Hillmen 
P.  Assessment  of  fludarabine  plus  cyclophosphamide 
for patients with chronic lymphocytic leukaemia (the 
LRF CLL4 Trial): a randomised controlled trial. Lancet. 
2007;370:230-239.
6.  Tsimberidou AM, Kantarjian HM, Cortes J, Thomas DA, 
Faderl  S,  Garcia-Manero  G,  Verstovsek  S,  Ferrajoli  A, 
Wierda W, Alvarado Y, O’Brien SM, Albitar M, Keating 
MJ, Giles FJ. Fractionated cyclophosphamide, vincristine, 
liposomal daunorubicin, and dexamethasone plus rituximab 
and granulocyte-macrophage-colony stimulating factor 
(GM-CSF)  alternating  with  methotrexate  and  cytarabine 
plus  rituximab  and  GM-CSF  in  patients  with  Richter 
syndrome  or  fludarabine-refractory  chronic  lymphocytic 
leukemia. Cancer. 2003;97:1711-1720.
7.  Zenz T, Eichhorst B, Busch R, Denzel T, Habe S, Winkler 
D,  Buhler  A,  Edelmann  J,  Bergmann  M,  Hopfinger  G, 
Hensel  M,  Hallek  M,  Dohner  H,  Stilgenbauer  S.  TP53 
Mutation and Survival in Chronic Lymphocytic Leukemia. 
J Clin Oncol. 2010;in press.
8.  Dohner H, Fischer K, Bentz M, Hansen K, Benner A, Cabot 
G, Diehl D, Schlenk R, Coy J, Stilgenbauer S, et al. p53 
gene deletion predicts for poor survival and non-response 
to therapy with purine analogs in chronic B-cell leukemias. 
Blood. 1995;85:1580-1589.
9.  Huhn D, von Schilling C, Wilhelm M, Ho AD, Hallek M, 
Kuse R, Knauf W, Riedel U, Hinke A, Srock S, Serke S, 
Peschel  C,  Emmerich  B.  Rituximab  therapy  of  patients 
with B-cell chronic lymphocytic leukemia. Blood. 
2001;98:1326-1331.
10.  O’Brien SM, Kantarjian H, Thomas DA, Giles FJ, Freireich 
EJ,  Cortes  J,  Lerner  S,  Keating  MJ.  Rituximab  dose-
escalation  trial  in  chronic  lymphocytic  leukemia.  J  Clin 
Oncol. 2001;19:2165-2170.
11.  Fischer K, Cramer P, Stilgenbauer S, Busch R, Balleisen L, 
Kilp J, Fink A-M, Boettcher S, Ritgen M, Kneba M, Staib 
P, Döhner H, Schulte S, Eichhorst BF, Hallek M, Wendtner 
CM.  Bendamustine  Combined  with  Rituximab  (BR)  in 
First-Line Therapy of Advanced CLL: A Multicenter Phase 
II  Trial  of  the  German  CLL  Study  Group  (GCLLSG). 
Blood (ASH Annual Meeting Abstracts). 2009;114:205.
12.  Wierda W, O’Brien S, Wen S, Faderl S, Garcia-Manero 
G,  Thomas  D,  Do  KA,  Cortes  J,  Koller  C,  Beran  M, 
Ferrajoli A, Giles F, Lerner S, Albitar M, Kantarjian H, 
Keating  M.  Chemoimmunotherapy  with  fludarabine, 
cyclophosphamide,  and  rituximab  for  relapsed  and 
refractory  chronic  lymphocytic  leukemia.  J  Clin  Oncol. 
2005;23:4070-4078.
13.  Keating MJ, Flinn I, Jain V, Binet JL, Hillmen P, Byrd J, 
Albitar M, Brettman L, Santabarbara P, Wacker B, Rai KR. 
Therapeutic role of alemtuzumab (Campath-1H) in patients 
who have failed fludarabine: results of a large international 
study. Blood. 2002;99:3554-3561.
14.  Stilgenbauer S, Zenz T, Winkler D, Buhler A, Schlenk RF, 
Groner S, Busch R, Hensel M, Duhrsen U, Finke J, Dreger 
P, Jager U, Lengfelder E, Hohloch K, Soling U, Schlag R, 
Kneba M, Hallek M, Dohner H. Subcutaneous alemtuzumab 
in  fludarabine-refractory  chronic  lymphocytic  leukemia: 
clinical results and prognostic marker analyses from 
the CLL2H study of the German Chronic Lymphocytic 
Leukemia Study Group. J Clin Oncol. 2009;27:3994-4001.
15.  Faderl  S,  Thomas  DA,  O’Brien  S,  Garcia-Manero  G, 
Kantarjian HM, Giles FJ, Koller C, Ferrajoli A, Verstovsek 
S,  Pro  B,  Andreeff  M,  Beran  M,  Cortes  J,  Wierda  W, 
Tran N, Keating MJ. Experience with alemtuzumab plus 
rituximab in patients with relapsed and refractory lymphoid 
malignancies. Blood. 2003;101:3413-3415.
16.  Faderl  S,  Ferrajoli  A,  Wierda  W,  O’Brien  S,  Lerner  S, 
Keating  MJ.  Alemtuzumab  by  continuous  intravenous 
infusion followed by subcutaneous injection plus rituximab 
in the treatment of patients with chronic lymphocytic 
leukemia recurrence. Cancer;116:2360-2365.
17.  Elter T, Borchmann P, Schulz H, Reiser M, Trelle S, Schnell 
R, Jensen M, Staib P, Schinkothe T, Stutzer H, Rech J, 
Gramatzki M, Aulitzky W, Hasan I, Josting A, Hallek M, 
Engert A. Fludarabine in combination with alemtuzumab is 
effective and feasible in patients with relapsed or refractory 
B-cell chronic lymphocytic leukemia: results of a phase II 
trial. J Clin Oncol. 2005;23:7024-7031.
18.  Coiffier  B,  Lepretre  S,  Pedersen  LM,  Gadeberg  O, Oncotarget 2010; 1:  472 - 482 481 www.impactjournals.com/oncotarget
Fredriksen  H,  van  Oers  MH,  Wooldridge  J,  Kloczko  J, 
Holowiecki  J,  Hellmann  A,  Walewski  J,  Flensburg  M, 
Petersen J, Robak T. Safety and efficacy of ofatumumab, 
a fully human monoclonal anti-CD20 antibody, in patients 
with relapsed or refractory B-cell chronic lymphocytic 
leukemia: a phase 1-2 study. Blood. 2008;111:1094-1100.
19.  Wierda W, Kipps TJ, Mayer J, Stilgenbauer S, Williams 
CD, Hellmann A, Robak T, Furman RR, Hillmen P, Trneny 
M, Dyer MJ, Padmanabhan S, Piotrowska M, Kozak T, 
Chan G, Davis R, Losic N, Wilms J, Russell CA, Osterborg 
A. Ofatumumab as single-agent CD20 immunotherapy in 
fludarabine-refractory  chronic  lymphocytic  leukemia.  J 
Clin Oncol. 2010;in press.
20.  Byrd JC, O’Brien S, Flinn IW, Kipps TJ, Weiss M, Rai K, 
Lin TS, Woodworth J, Wynne D, Reid J, Molina A, Leigh 
B, Harris S. Phase 1 study of lumiliximab with detailed 
pharmacokinetic and pharmacodynamic measurements in 
patients with relapsed or refractory chronic lymphocytic 
leukemia. Clin Cancer Res. 2007;13:4448-4455.
21.  Byrd JC, Kipps TJ, Flinn IW, Castro J, Lin TS, Wierda 
W,  Heerema  N,  Woodworth  J,  Hughes  S,  Tangri  S, 
Harris S, Wynne D, Molina A, Leigh B, O’Brien S. Phase 
1/2  study  of  lumiliximab  combined  with  fludarabine, 
cyclophosphamide,  and  rituximab  in  patients  with 
relapsed or refractory chronic lymphocytic leukemia. 
Blood;115:489-495.
22.  Andritsos  L,  Furman  RR,  Flinn  IW,  Foreno-Torres  A, 
Flynn JM, Muthusamy N, Rafiq S, Stromatt S, C. BJ. A 
Phase 1 Trial of TRU-016, An Anti-CD37 Small Modular 
Immunopharmaceutical  (SMIPTM)  Protein  in  Relapsed 
and  Refractory  CLL:  Early  Promising  Clinical  Activity. 
Blood (ASH Annual Meeting Abstracts). 2009;114:3424.
23.  Alduaij  W,  Potluri  S,  Ivanov  A,  Honeychurch  J,  Beers 
SA, Chan C, Shimada K, Glennie MJ, Cragg MS, Illidge 
T.  New-generation  anti-CD20  monoclonal  antibody 
(GA101) evokes homotypic adhesion and actin-dependent, 
lysosome-mediated cell death in B-cell-lymphoma. Blood. 
2009;114:725.
24.  Zenz T, Volden M, Mast T, Sarno A, Winkler D, Schnaiter 
A, Bühler A, Klein C, Umana P, Döhner H, Stilgenbauer S. 
In vitro activity of the type II anti-CD20 antibody GA101 in 
refractory, genetic high-risk CLL. Blood. 2009;114:2379.
25.  Morschhauser  F,  Cartron  G,  Lamy  T,  Milpied  N-J, 
Thieblemont C, Tilly H, Weisser M, Birkett J, Salles GA. 
Phase I study of RO5072759 (GA101) in relapsed/refractory 
chronic lymphocytic leukemia. Blood. 2009;114:884.
26.  Byrd JC, Shinn C, Waselenko JK, Fuchs EJ, Lehman TA, 
Nguyen PL, Flinn IW, Diehl LF, Sausville E, Grever MR. 
Flavopiridol  induces  apoptosis  in  chronic  lymphocytic 
leukemia cells via activation of caspase-3 without evidence 
of  bcl-2  modulation  or  dependence  on  functional  p53. 
Blood. 1998;92:3804-3816.
27.  Kitada  S,  Zapata  JM,  Andreeff  M,  Reed  JC.  Protein 
kinase inhibitors flavopiridol and 7-hydroxy-staurosporine 
down-regulate antiapoptosis proteins in B-cell chronic 
lymphocytic leukemia. Blood. 2000;96:393-397.
28.  Flinn IW, Byrd JC, Bartlett N, Kipps T, Gribben J, Thomas 
D, Larson RA, Rai K, Petric R, Ramon-Suerez J, Gabrilove 
J,  Grever  MR.  Flavopiridol  administered  as  a  24-hour 
continuous infusion in chronic lymphocytic leukemia lacks 
clinical activity. Leuk Res. 2005;29:1253-1257.
29.  Byrd JC, Peterson BL, Gabrilove J, Odenike OM, Grever 
MR,  Rai  K,  Larson  RA.  Treatment  of  relapsed  chronic 
lymphocytic leukemia by 72-hour continuous infusion or 
1-hour bolus infusion of flavopiridol: results from Cancer 
and  Leukemia  Group  B  study  19805.  Clin  Cancer  Res. 
2005;11:4176-4181.
30.  Phelps MA, Lin TS, Johnson AJ, Hurh E, Rozewski DM, 
Farley KL, Wu D, Blum KA, Fischer B, Mitchell SM, Moran 
ME,  Brooker-McEldowney  M,  Heerema  NA,  Jarjoura 
D, Schaaf LJ, Byrd JC, Grever MR, Dalton JT. Clinical 
response and pharmacokinetics from a phase 1 study of an 
active dosing schedule of flavopiridol in relapsed chronic 
lymphocytic leukemia. Blood. 2009;113:2637-2645.
31.  Andritsos LA, Fischer B, Lin TS, Blum KA, Jones JA, 
Moran  ME,  Byrd  JC,  Grever  MR.  Low  Incidence  of 
Opportunistic  Infections  in  CLL  Patients  Treated  with 
Single Agent Flavopiridol. Blood (ASH Annual Meeting 
Abstracts). 2007;110:3128.
32.  Lin TS, Ruppert AS, Johnson AJ, Fischer B, Heerema NA, 
Andritsos LA, Blum KA, Flynn JM, Jones JA, Hu W, Moran 
ME, Mitchell SM, Smith LL, Wagner AJ, Raymond CA, 
Schaaf LJ, Phelps MA, Villalona-Calero MA, Grever MR, 
Byrd JC. Phase II study of flavopiridol in relapsed chronic 
lymphocytic leukemia demonstrating high response rates in 
genetically high-risk disease. J Clin Oncol. 2009;27:6012-
6018.
33.  Chanan-Khan  A,  Miller  KC,  Musial  L,  Lawrence  D, 
Padmanabhan S, Takeshita K, Porter CW, Goodrich DW, 
Bernstein ZP, Wallace P, Spaner D, Mohr A, Byrne C, 
Hernandez-Ilizaliturri F, Chrystal C, Starostik P, Czuczman 
MS.  Clinical  efficacy  of  lenalidomide  in  patients  with 
relapsed  or  refractory  chronic  lymphocytic  leukemia: 
results of a phase II study. J Clin Oncol. 2006;24:5343-
5349.
34.  Ferrajoli A, Lee BN, Schlette EJ, O’Brien SM, Gao H, Wen 
S, Wierda WG, Estrov Z, Faderl S, Cohen EN, Li C, Reuben 
JM,  Keating  MJ.  Lenalidomide  induces  complete  and 
partial remissions in patients with relapsed and refractory 
chronic  lymphocytic  leukemia.  Blood.  2008;111:5291-
5297.
35.  Sher T, Miller KC, Lawrence D, Whitworth A, Hernandez-
Ilizaliturri  F,  Czuczman  MS,  Miller  A,  Lawrence  W, 
Bilgrami  SA,  Sood  R,  Wood  MT,  Block  AW,  Lee  K, 
Chanan-Khan AA. Efficacy of lenalidomide in patients with 
chronic lymphocytic leukemia with high-risk cytogenetics. 
Leuk Lymphoma;51:85-88.
36.  Wendtner CM, Mahadevan D, Stilgenbauer S, Frankfurt 
O, Bloor A, Bosch F, Uharek L, Gobbi M, Furman RR, 
Gribben JG, Kimby EK, Sekeres MA, Cripe LD, Lombardy Oncotarget 2010; 1:  472 - 482 482 www.impactjournals.com/oncotarget
E, Shah S, Moutouh-de Parseval LA, Chanan-Khan AA, 
Knight RD. Preliminary results of a phase 1/2, multi-center, 
open-label  study  (CLL-001)  investigating  a  stepwise 
dose-escalation schedule of lenalidomide in relapsed or 
refractory chronic lymphocytic leukemia. Blood (ASH 
Annual Meeting Abstracts). 2008;112:2104.
37.  O’Brien  SM,  Cunningham  CC,  Golenkov  AK,  Turkina 
AG, Novick SC, Rai KR. Phase I to II multicenter study 
of oblimersen sodium, a Bcl-2 antisense oligonucleotide, 
in patients with advanced chronic lymphocytic leukemia. J 
Clin Oncol. 2005;23:7697-7702.
38.  Mavromatis B, Rai KR, Wallace PK, Soho C, Landrigan B, 
Meyn P, Wei T, Chan KK, Casey P, Novick SC, Chanan-
Khan  AA.  Efficacy  and  Safety  of  the  Combination  of 
GenasenseTM  (Oblimersen  Sodium,  Bcl-2  Antisense 
Oligonucleotide), Fludarabine and Rituximab in Previously 
Treated and Untreated Subjects with Chronic Lymphocytic 
Leukemia. Blood (ASH Annual Meeting Abstracts). 
2005;106:2129.
39.  O’Brien S, Moore JO, Boyd TE, Larratt LM, Skotnicki 
A,  Koziner  B,  Chanan-Khan  AA,  Seymour  JF,  Bociek 
RG,  Pavletic  S,  Rai  KR.  Randomized  phase  III  trial 
of  fludarabine  plus  cyclophosphamide  with  or  without 
oblimersen sodium (Bcl-2 antisense) in patients with 
relapsed or refractory chronic lymphocytic leukemia. J Clin 
Oncol. 2007;25:1114-1120.
40.  Tse C, Shoemaker AR, Adickes J, Anderson MG, Chen 
J, Jin S, Johnson EF, Marsh KC, Mitten MJ, Nimmer P, 
Roberts L, Tahir SK, Xiao Y, Yang X, Zhang H, Fesik 
S,  Rosenberg  SH,  Elmore  SW.  ABT-263:  a  potent  and 
orally  bioavailable  Bcl-2  family  inhibitor.  Cancer  Res. 
2008;68:3421-3428.
41.  Vogler M, Butterworth M, Majid A, Walewska RJ, Sun 
XM, Dyer MJ, Cohen GM. Concurrent up-regulation of 
BCL-XL and BCL2A1 induces approximately 1000-fold 
resistance to ABT-737 in chronic lymphocytic leukemia. 
Blood. 2009;113:4403-4413.
42.  Roberts AW, Seymour JF, Brown JR, Wierda WG, Kipps 
TJ, Carney D, Xiong H, Cui Y, Busman T, Enschede S, 
Krivoshik A, Humerickhouse R. An Ongoing Phase 1/2a 
Study  of  ABT-263;  Pharmacokinetics  (PK),  Safety  and 
Anti-Tumor  Activity  in  Patients  (pts)  with  Relapsed  or 
Refractory Chronic Lymphocytic Leukemia (CLL). Blood 
(ASH Annual Meeting Abstracts). 2009;114:883.
43.  Campas C, Cosialls AM, Barragan M, Iglesias-Serret D, 
Santidrian  AF,  Coll-Mulet  L,  de  Frias  M,  Domingo  A, 
Pons G, Gil J. Bcl-2 inhibitors induce apoptosis in chronic 
lymphocytic leukemia cells. Exp Hematol. 2006;34:1663-
1669.
44.  O’Brien  SM,  Claxton  DF,  Crump  M,  Faderl  S,  Kipps 
T, Keating MJ, Viallet J, Cheson BD. Phase I study of 
obatoclax  mesylate  (GX15-070),  a  small  molecule  pan-
Bcl-2 family antagonist, in patients with advanced chronic 
lymphocytic leukemia. Blood. 2009;113:299-305.
45.  Lagneaux  L,  Gillet  N,  Stamatopoulos  B,  Delforge  A, 
Dejeneffe M, Massy M, Meuleman N, Kentos A, Martiat 
P, Willems L, Bron D. Valproic acid induces apoptosis 
in chronic lymphocytic leukemia cells through activation 
of  the  death  receptor  pathway  and  potentiates  TRAIL 
response. Exp Hematol. 2007;35:1527-1537.
46.  Byrd JC, Marcucci G, Parthun MR, Xiao JJ, Klisovic RB, 
Moran M, Lin TS, Liu S, Sklenar AR, Davis ME, Lucas DM, 
Fischer B, Shank R, Tejaswi SL, Binkley P, Wright J, Chan 
KK, Grever MR. A phase 1 and pharmacodynamic study of 
depsipeptide (FK228) in chronic lymphocytic leukemia and 
acute myeloid leukemia. Blood. 2005;105:959-967.
47.  Gimsing  P,  Hansen  M,  Knudsen  LM,  Knoblauch  P, 
Christensen IJ, Ooi CE, Buhl-Jensen P. A phase I clinical 
trial of the histone deacetylase inhibitor belinostat in 
patients  with  advanced  hematological  neoplasia.  Eur  J 
Haematol. 2008;81:170-176.
48.  Balakrishnan K, Burger JA, Wierda WG, Gandhi V. AT-
101  induces  apoptosis  in  CLL  B  cells  and  overcomes 
stromal cell-mediated Mcl-1 induction and drug resistance. 
Blood. 2009;113:149-153.
49.  Amrein L, Hernandez TA, Ferrario C, Johnston J, Gibson 
SB, Panasci L, Aloyz R. Dasatinib sensitizes primary chronic 
lymphocytic leukaemia lymphocytes to chlorambucil and 
fludarabine in vitro. Br J Haematol. 2008;143:698-706.
50.  Veldurthy A, Patz M, Hagist S, Pallasch CP, Wendtner 
CM, Hallek M, Krause G. The kinase inhibitor dasatinib 
induces apoptosis in chronic lymphocytic leukemia cells 
in vitro with preference for a subgroup of patients with 
unmutated IgVH genes. Blood. 2008;112:1443-1452.
51.  Amrein PC, Attar E, Takvorian T, Hochberg E, Ballen K, 
Leahy KM, Neuberg D, Brown JR. Dasatinib has activity 
in relapsed/refractory chronic lymphocytic leukemia (CLL/
SLL), a phase II trial. Blood. 2008;112:3162.